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57 ABSTRACT

A semiconductor package may include a main substrate, a
sub-substrate spaced apart from the main substrate by a gap,
and a semiconductor chip disposed on the main substrate.
The semiconductor package may include an interconnection
member configured to connect the semiconductor chip to the
sub-substrate and including twisted wires of a plurality of
strands. The semiconductor package may include a main
molding member covering the main substrate and the semi-
conductor chip, and a sub-molding member covering the
sub-substrate. The semiconductor package may include a
stress buffer layer configured to fill the gap between the main
substrate and the sub-substrate, and surround the intercon-
nection member.

20 Claims, 8 Drawing Sheets

100
185 90 R 130 140b 160
t14a " L 140a A% 1301302 / 125 // 156
! ) Y i { ]
T Ay R B R S ] f
\ Wy - { -}—165b
\
I ) ’ | 114b
/1084, ) L . |
1108/105a.] N : + [ 1080
(110} Ny { L P | ”106bf(!71100k;
{108a- m’ "\—V IE : ‘ ‘] : + |.,-- 108p,
11€al15a . 1ogayC 102a ! 103 102 103 osnle 1120 Y
J112a a— 3, , /
1208 06a~2 102b - - 10801 116b 120b

105



US 9,478,515 B1

Sheet 1 of 8

Oct. 25, 2016

U.S. Patent

1-a501 <o}

a0t gatl \ Z-9901  toi e
(01 1)) IBO+
qot 14 A90 -
ﬁnmov\,
apli | [ |
a59 |-— w v m / mmw»
INENE T

09} A0¥lL  ogl

I "Dld

-

06!  eggl

BGG1{SG1)




US 9,478,515 B1

Sheet 2 of 8

Oct. 25, 2016

U.S. Patent

061
N aov i GoyL S0l A
| / G N [
v, ) R
N ! R W R E
N e = il I W |
" v @
@mm&%%em_ U @&%«o}%
3::::— r\.ﬂvu::):\vw EEEEEEEEEEEE M o F @ ::::::::::: g.%»:—wﬂh!ﬂ)—\)ﬁ m
oy Balraaand =BGt
i 0 i = I T
K ar e =
Py [
¥ et e N =
+++ + +Mx$?ﬁt...._
<t <
~ \ B
q01} eQil AN vil
Otl /
001

¢ DI



U.S. Patent Oct. 25, 2016 Sheet 3 of 8 US 9,478,515 B1

FIG. 3

140a, 1400 ti4a,1t4b
; i
fA Fa AN o WaTTA) AN NN ANNTL
w uuuuuuuuuuuuvuuu' 156
PAERY
/ 1504 o
156 W2TH 145
th5a

FIG. 4

140z, Mﬁb H/“taﬂf‘-b
mmmmxmmmm
[N
}
156 ) 156
%4‘3{) 1500

‘, ‘"\‘:\b



US 9,478,515 B1

Sheet 4 of 8

Oct. 25, 2016

U.S. Patent

i | —— W @ m m_ m —+—P0L I
WL g, me MWW % W@W@% S0l eyli
+++++ g + +nv+;mwuv+mw+mw+ +W+W+%+W+%+++++w \
SO it e
g%ﬁwﬁw_@/@wwwwm EERELE e e
B%H, i &) ?%
B«%%;ﬁﬁ J— %%{&c odER]
_ CoRrsnhafapanans % / oel Branarsssdngances—]
BGG e oAb RAPARAAR] BAakassan] oA
\mmmm %%%wm / Wgﬁiﬁ
v [ EEEE S e s
A £ 22z 2
\ S % t‘WtWi% W JM” t”u +M+M+ n»+ W &t + /+#+ ﬂ
+ o+ o+ Ft \ M +E o+ B & B AR +W+MW W+ + \ _
no:mmm;mom_/{\w N 061 BOL
BGY | —f—r : 3 3 eov !

0oL~

[TeARdy
%Y 2

TR
i S

Ol

e i

(o
~t
-
@O



US 9,478,515 B1

Sheet 5 of 8

Oct. 25, 2016

U.S. Patent

G0l

A

€01 201 €0t

9 O



US 9,478,515 B1

Sheet 6 of 8

Oct. 25, 2016

U.S. Patent

q022 g2 +~9902 _ S%
/ 2-9902 €02 202 €02 Eclélegyz
qzie
_Dmowi .mwﬁ
aolz ﬁ@omt ~2902,8012
Q907 — = .. SRR
] by 7 mmom;
avie e %&ﬂ. \ h
wer 0 (h %_ v |
7 “ \ i VAN e
9%¢  z-0902 qoyF el / epgz 9082
092 0€z
002

o TOId




US 9,478,515 B1

Sheet 7 of 8

Oct. 25, 2016

U.S. Patent

q9i¢
doee
Nmkw acle
980Z-FEE L.
90424990
a80¢
avie
ag9e--
942

1-a902 502
[e-agoz 24 oz z02 €02
| _L o0lz A

i

- t
AR

I 7 /
= g \%mm | eppzd0EC

, /
2-9902 0gg A0VC gez

8 OId

/

14



U.S. Patent Oct. 25, 2016 Sheet 8 of 8 US 9,478,515 B1

FIG. 9
/7800
7830 | 7820 7810 \}
i / i
| i
| i
! MEMORY x
HOST i CONTROLLER MEMORY |
L J
FIG. 10
8710
8715
/
8714 /\<
INTERFACE  fa—nm
8713 8711
/ /[
MEMORY CONTROLLER
8712
NPUT/OUTPUT |

UNIT




US 9,478,515 Bl

1
SEMICONDUCTOR PACKAGES INCLUDING
INTERCONNECTION MEMBERS

CROSS-REFERENCE TO RELATED
APPLICATION

The present application claims priority under 35 U.S.C
119(a) to Korean Application No. 10-2015-0052729, filed
on Apr. 14, 2015, in the Korean intellectual property Office,
which is incorporated herein by reference in its entirety.

BACKGROUND

1. Technical Field

Various embodiments of the present disclosure generally
relate to a packaging technology and, more particularly, to
semiconductor packages employing interconnection mem-
bers.

2. Related Art

Portable electronic systems are increasingly in demand
because electronic systems are becoming more scaled down
and still have high performance. As a result, spaces occupied
by semiconductor devices in the electronic systems have
been reduced and multi-functional electronic systems have
been required. Thus, demands on compact and large capacity
semiconductor memory devices have increased. In addition,
flexible electronic systems which are capable of bending or
warping are increasingly in demand due to the increase in
demand for portable and wearable electronic systems.

When semiconductor package are warped or distorted,
tensile stress or compressive stress may be applied to
interconnection members connecting the semiconductor
device (also, referred to as semiconductor chip) to a package
substrate. In such cases, the interconnection members may
be detached from the connection pads or may be broken.
When the interconnection members are detached from the
connection pad or broken, the semiconductor package may
malfunction or the reliability of the semiconductor package
may be degraded. Accordingly, package structures capable
of maintaining the electrical connection of the interconnec-
tion members have been required even when the semicon-
ductor chip or the substrate is warped or bent.

SUMMARY

According to an embodiment, a semiconductor package
may be provided. The semiconductor package may include
a main substrate, a sub-substrate spaced apart from a main
substrate by a gap, and a semiconductor chip disposed on the
main substrate. The semiconductor package may include an
interconnection member configured to connect the semicon-
ductor chip to the sub-substrate and including twisted wires
of a plurality of strands, and a main molding member
covering the main substrate and the semiconductor chip. The
semiconductor package may include a sub-molding member
covering the sub-substrate, and a stress buffer layer config-
ured to fill the gap between the main substrate and the
sub-substrate and surround the interconnection member.

According to an embodiment, a semiconductor package
may be provided. The semiconductor package may include
a main substrate, a sub-substrate spaced apart from a main
substrate by a gap, and a semiconductor chip disposed on the
main substrate. The semiconductor package may include an
interconnection member configured to connect the semicon-
ductor chip to the sub-substrate and including twisted wires
of a plurality of strands. The semiconductor package may
include a main molding member covering the main substrate
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and the semiconductor chip, a sub-molding member cover-
ing the sub-substrate. The semiconductor package may
include a stress buffer layer configured to expose a sidewall
of the main substrate and a sidewall of the sub-substrate and
surround the interconnection member.

According to an embodiment, there may be provided a
memory card including a semiconductor package. The semi-
conductor package may include a main substrate, a sub-
substrate spaced apart from a main substrate by a gap, and
a semiconductor chip disposed on the main substrate. The
semiconductor package may include an interconnection
member configured to connect the semiconductor chip to the
sub-substrate and including twisted wires of a plurality of
strands. The semiconductor package may include a main
molding member covering the main substrate and the semi-
conductor chip, a sub-molding member covering the sub-
substrate, and a stress buffer layer configured to fill the gap
between the main substrate and the sub-substrate, and sur-
round the interconnection member.

According to an embodiment, there may be provided a
memory card including a semiconductor package. The semi-
conductor package may include a main substrate, a sub-
substrate spaced apart from a main substrate by a gap, and
a semiconductor chip disposed on the main substrate. The
semiconductor package may include an interconnection
member configured to connect the semiconductor chip to the
sub-substrate and including twisted wires of a plurality of
strands. The semiconductor package may include a main
molding member covering the main substrate and the semi-
conductor chip, a sub-molding member covering the sub-
substrate, and a stress buffer layer configured to expose a
sidewall of the main substrate and a sidewall of the sub-
substrate, and surround the interconnection member.

According to an embodiment, there may be provided an
electronic system including a semiconductor package. The
semiconductor package may include a main substrate, a
sub-substrate spaced apart from a main substrate by a gap,
and a semiconductor chip disposed on the main substrate.
The semiconductor package may include an interconnection
member configured to connect the semiconductor chip to the
sub-substrate and including twisted wires of a plurality of
strands. The semiconductor package may include a main
molding member covering the main substrate and the semi-
conductor chip, and a sub-molding member covering the
sub-substrate. The semiconductor package may include a
stress buffer layer configured to fill the gap between the main
substrate and the sub-substrate, and surround the intercon-
nection member.

According to an embodiment, there may be provided an
electronic system including a semiconductor package. The
semiconductor package may include a main substrate, a
sub-substrate spaced apart from a main substrate by a gap,
and a semiconductor chip disposed on the main substrate.
The semiconductor package may include an interconnection
member configured to connect the semiconductor chip to the
sub-substrate and including twisted wires of a plurality of
strands. The semiconductor package may include a main
molding member covering the main substrate and the semi-
conductor chip, and a sub-molding member covering the
sub-substrate. The semiconductor package may include a
stress buffer layer configured to expose a sidewall of the
main substrate and a sidewall of the sub-substrate, and
surround the interconnection member.

According to an embodiment, a semiconductor package
may be provided. The semiconductor package may include
a main substrate and a sub-substrate spaced apart from the
main substrate by a gap. The semiconductor package may
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include a semiconductor chip disposed on the main sub-
strate, and an interconnection member configured to connect
the semiconductor chip to the sub-substrate. The semicon-
ductor package may include a main molding member cov-
ering the semiconductor chip, the main substrate, and a
portion of the interconnection member. The semiconductor
package may include a sub-molding member covering the
sub-substrate and another portion of the interconnection
member. The semiconductor package may include a stress
buffer layer covering a remaining portion of the intercon-
nection member not covered by the main molding member
and the sub-molding member.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a cross-sectional view illustrating a representa-
tion of an example of a semiconductor package according to
an embodiment.

FIG. 2 is a top plan view illustrating a representation of
an example of the semiconductor package of FIG. 1.

FIGS. 3 and 4 are schematic views illustrating a repre-
sentation of an example of interconnection members
employed in a semiconductor package according to an
embodiment.

FIG. 5 is a top plan view illustrating a representation of
an example of a semiconductor package according to an
embodiment.

FIG. 6 is a cross-sectional view illustrating a representa-
tion of an example of a stress relief action of a semicon-
ductor package according to an embodiment.

FIG. 7 is a cross-sectional view illustrating a representa-
tion of an example of a semiconductor package according to
an embodiment.

FIG. 8 is a cross-sectional view illustrating a representa-
tion of an example of a stress relief action of a semicon-
ductor package according to an embodiment.

FIG. 9 is a block diagram illustrating a representation of
an example of an electronic system employing a memory
card including at least one of semiconductor packages in
accordance with various embodiments.

FIG. 10 is a block diagram illustrating a representation of
an example of an electronic system including at least one of
semiconductor packages in accordance with various
embodiments.

DETAILED DESCRIPTION

Various embodiments will now be described more fully
hereinafter with reference to the accompanying drawings;
however, they may be embodied in different forms and
should not be construed as limited to the embodiments set
forth herein. Rather, these embodiments are provided so that
this disclosure will be thorough and complete, and will fully
convey the scope of the present disclosure to those skilled in
the art.

Same reference numerals refer to same elements through-
out the specification. Thus, even though a reference numeral
is not mentioned or described with reference to a drawing,
the reference numeral may be mentioned or described with
reference to another drawing. In addition, even though a
reference numeral is not shown in a drawing, it may be
mentioned or described with reference to another drawing.

Various embodiments may be directed to semiconductor
packages employing interconnection members.

FIG. 1 is a cross-sectional view illustrating a representa-
tion of an example of a semiconductor package 100 accord-
ing to an embodiment. FIG. 2 is a top plan view illustrating
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a representation of an example of the semiconductor pack-
age 100 of FIG. 1. FIGS. 3 and 4 are schematic views
illustrating a representation of an example of interconnec-
tion members employed in the semiconductor package 100
according to an embodiment. FIG. 5 is a cross-sectional
view illustrating a representation of an example of a semi-
conductor package according to an embodiment. FIG. 6 is a
schematic view illustrating a representation of an example of
a stress relief action of the semiconductor package 100
according to an embodiment.

Referring to FIGS. 1 to 4, the semiconductor package 100
may include a main substrate 105, sub-substrates 110, and a
semiconductor chip 130. The semiconductor package 100
may include interconnection members 155 (155a and 1555),
a main molding member 160, sub-molding members 165a
and 1655, and a stress buffer layer 190.

The main substrate 105 may include a main body 102. The
main body 102 may include a front-side portion 102a on
which the semiconductor chip 130 is disposed and a back-
side portion 1025 opposite to the front-side portion 102a. A
main insulating pattern 103 may be disposed on each of the
front-side portion 102a¢ and the back-side portion 1025 of
the main body 102. The main insulating pattern 103 may
include a solder resist material.

The main substrate 105 may include a printed circuit
board (PCB), an organic substrate, or an insulation substrate.
If the main substrate 105 is a PCB, the main substrate 105
may be a rigid type PCB or a flexible type PCB. If the main
substrate 105 is an insulation substrate, the main substrate
105 may include an insulation material. In an embodiment,
the insulation material may include ceramic. If the main
substrate 105 is an organic substrate, the main substrate 105
may include an organic material. In an embodiment, the
organic material may include epoxy resin.

The sub-substrates 110 may be disposed around the main
substrate 105. The sub-substrates 110 may include at least
two sub-substrates and may be disposed to be spaced apart
from the main substrate 105 by a predetermined distance.
For example, the sub-substrates 110 and the main substrate
105 may be disposed to be spaced apart from each other by
a gap 170. In an embodiment, as illustrated in FIG. 2, the
sub-substrates 110 may include a first sub-substrate 110a
and a second sub-substrate 1105 that are disposed to be
spaced apart from both sides of the main substrate 105.

The first sub-substrate 110a disposed at one side of the
main substrate 105 may include a first sub-body 106a and
first sub-insulating patterns 108a. The first sub-body 106a
may include a front-side portion 106a-1 and a back-side
portion 106a-2 that are opposite to each other. First substrate
pads 114a may be disposed on the front-side portion 106a-1
of the first sub-body 106a. First ball lands 116a may be
disposed on the back-side portion 106a-2 of the first sub-
body 106a. First connecting terminals 120a may be attached
to the first ball lands 116a, respectively. The first substrate
pads 114a may be disposed to be spaced apart from each
other on the central portion of the first sub-body 1064, but
the present disclosure is not limited thereto. A first wiring
pattern 112a electrically connecting the first substrate pad
1144 to the first ball land 116a may be disposed to penetrate
the first sub-body 106a. The first wiring pattern 1124 may be
disposed to have a multi-layered structure.

The first sub-insulation patterns 108a may be disposed on
the front-side portion 106a-1 and the back-side portion
106a-2 of the first sub-body 106a, respectively. The first
sub-insulation pattern 1084 disposed on the front-side por-
tion 106a-1 may selectively expose the first substrate pads
114a. The first sub-insulation pattern 108a disposed on the
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back-side portion 106a-2 may selectively expose the first
ball lands 116a. The first sub-insulation patterns 108a may
include a solder resist material.

The second sub-substrate 1105 disposed at a side of the
main substrate 105 opposite to the first sub-substrate 110a
may include a second sub-body 1065 and second sub-
insulating patterns 1085. The second sub-body 1065 may
include a front-side portion 1065-1 and a back-side portion
1064-2 that are opposite to each other. Second substrate pads
1145 may be disposed on the front-side portion 1065-1 of the
second sub-body 1065. Second ball lands 1165 may be
disposed on the back-side portion 1065-2 of the second
sub-body 1065. Second connection terminals 1205 may be
attached to the second ball lands 1165, respectively. The
second substrate pads 1145 may be disposed to be spaced
apart from each other on the central portion of the second
sub-substrate 1105, but the present disclosure is not limited
thereto. A second wiring pattern 1125 electrically connecting
the second substrate pad 1145 to the second ball land 1165
may be disposed to penetrate the second sub-body 1065. The
second wiring pattern 1126 may be disposed to have a
multi-layered structure.

The second sub-insulation patterns 1085 may be disposed
on the front-side portion 1065-1 and the back-side portion
1065-2 of the second sub-body 1064, respectively. The
second sub-insulation pattern 1085 disposed on the front-
side portion 1065-1 may selectively expose the second
substrate pad 1145. The second sub-insulation pattern 1085
disposed on the back-side portion 1065-2 of the second
sub-body 1065 may selectively expose the second ball lands
1165. The second sub-insulation patterns 1085 disposed on
the second sub-body 1065 may include a solder resist
material. Each of the first and second sub-substrates 110a
and 1105 may include the same material as the main
substrate 105. For example, each of the first and second
sub-substrates 110a and 1105 may comprise a PCB, an
organic substrate or an insulation substrate.

The semiconductor chip 130 may be disposed on the
front-side portion 102a of the main substrate 105. The
semiconductor chip 130 may be bonded to the main sub-
strate 105 using an adhesive member 125. The adhesive
member 125 may be composed of an adhesive or an adhe-
sive tape, for example, a die attach film (DAF).

The semiconductor chip 130 may include a first surface
130a and a second surface 1304 that are opposite to each
other. The semiconductor chip 130 may be disposed so that
an active surface of the semiconductor chip 130 is located at
an opposite side to the main substrate 105. Accordingly, the
first surface 130a of the semiconductor chip 130 may be
defined as a surface of a front-side portion in which active
regions exists and the second surface 1306 may be defined
as a surface of a back-side portion opposite to the front-side
portion. Although not illustrated in the drawings, circuit
elements or circuit patterns may be disposed on the first
surface 130a of the semiconductor chip 130. The circuit
elements may include transistors, each of which has a gate
electrode and source/drain regions, and the circuit patterns
may include bit lines.

The semiconductor chip 130 may include a plurality of
connection pads 140a and 14056. Although FIGS. 1 and 2
illustrate an example in which the connection pads 140a and
1404 are disposed on both edges of the semiconductor chip
130, the present disclosure is not limited thereto. For
example, in some embodiments, the connection pads 140a
and 1405 may be disposed on a central portion of the
semiconductor chip 130. The connection pads 140a and
1405 may comprise aluminum (Al) or copper (Cu).
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Referring again to FIGS. 1 and 2, the semiconductor chip
130 may be electrically connected to the first sub-substrate
110a and the second sub-substrate 1106 through the inter-
connection members 155. Each of the interconnection mem-
bers 155, as illustrated in FIG. 2, may connect one of the
plurality of the connection pads 140a and 1406 of the
semiconductor chip 130 to one of the first substrate pads
1144 and the second substrate pads 1145 disposed on the first
sub-substrate 110a and the second sub-substrate 1105.

The interconnection member 155 may be a first intercon-
nection member 1554 illustrated in FIGS. 1 to 3 or a second
interconnection member 15554 illustrated in FIG. 4. Each of
the interconnection members 155 may include a plurality of
strands. The strands may be twisted together. For example,
if the first interconnection member 1554 of FIG. 3 is
employed as the interconnection member 155, one of the
first interconnection members 1554 may include a core wire
portion 145a and a twisted wire portion 150a extending
from one of the connection pads 140a of the semiconductor
chip 130 to one of the first substrate pads 114a on the first
sub-substrate 110a. Similarly, another one of the first inter-
connection members 155¢ may include a core wire portion
145a and a twisted wire portion 150a extending from one of
the connection pads 1405 of the semiconductor chip 130 to
one of the second substrate pads 1144 on the second sub-
substrate 1105. The twisted wire portion 150¢ may extend
along a longitudinal direction of the core wire portion 1454
and may wind around the core wire portion 1454 to have a
spiral shape. Each of the core wire portion 1454 and the
twisted wire portion 150qa of the first interconnection mem-
ber 1554 may be in contact with the connection pad 140a (or
1405) and the first or second substrate pad 114a (or 1145)
through contact points 156. The core wire portion 145a and
the twisted wire portion 150a of the first interconnection
member 155¢ may transmit an electrical signal from the
semiconductor chip 130 to any one of the first and second
sub-substrates 110a and 11054.

In an embodiment, the semiconductor chip 130 and the
first and/or second sub-substrates 110a and/or 1105 may be
electrically connected to each other through the second
interconnection member 1555 illustrated in FIG. 4. Refer-
ring to FIGS. 2 and 4, the second interconnection member
15556 may include a first wire portion 1455 and a second wire
portion 1506 extending from one of the connection pads
140a of the semiconductor chip 130 to one of the first
substrate pads 114a. Similarly, the second interconnection
member 1556 may be disposed to extend from one of the
connection pads 1405 of the semiconductor chip 130 to one
of the second substrate pads 11454. The first wire portion
1456 and the second wire portion 1505 of the second
interconnection member 1556 may be twisted with each
other to form or include spiral shapes. Each of the first and
second wire portions 14556 and 1505 of the second intercon-
nection member 1556 may be in contact with the connection
pad 140a (or 1405) and the first or second substrate pad 114a
(or 114b) through contact points 156. The first and second
wire portions 1456 and 1505 of the second interconnection
member 1556 may transmit an electrical signal from the
semiconductor chip 130 to any one of the first and second
sub-substrates 110a and 1105. Each of the first and second
interconnection members 155a¢ and 15556 may include gold
(Au), silver (Ag) or copper (Cu).

Each of the first and second interconnection members
155a and 1556 may include a plurality of strands, for
example, a plurality of wires that are twisted. Each of the
first and second interconnection members 1554 and 1555
may have a relatively higher tensile strength than an inter-



US 9,478,515 Bl

7

connection member made of a single strand. Evan if the
semiconductor package 100 is deformed by an external
force, that is, even if the gaps 170 between the main
substrate 105 and the sub-substrates 110a and 1105 become
widened or deformed, the first or second interconnection
members 155a or 1556 may not be detached from the
connection pads 140a and 1405 or the substrate pads 114a
and 1145 or may not be broken because of the high tensile
strength of the first or second interconnection members 1554
or 1555.

The main molding member 160 may be disposed over the
front-side portion 1024 of the main substrate 105 to cover
the semiconductor chip 130. The first sub-molding member
165a may be disposed over the front-side portion 106a-1 of
the first sub-substrate 110a. The second sub-molding mem-
ber 16556 may be disposed over the front-side portion 1065-1
of the second sub-substrate 1105. Each of the main molding
member 160, the first sub-molding member 165a, and the
second sub-molding member 1656 may include epoxy
molding compound (EMC), hardener, organic filler or inor-
ganic filler. The main molding member 160, the first sub-
molding member 165q, and the second sub-molding mem-
ber 1656 may physically and chemically protect the
semiconductor chip 130, the main substrate 105, the first
sub-substrate 110a, and the second sub-substrate 1105 from
the external environment. Sidewalls of the main molding
member 160 may be vertically aligned with sidewalls of the
main substrate 105. Sidewalls of the first sub-molding
member 165a may be vertically aligned with sidewalls of
the first sub-substrate 110a, and sidewalls of the second
sub-molding member 1655 may be vertically aligned with
sidewalls of the second sub-substrate 1105. The main mold-
ing member 160 and the first sub-molding member 165a
may be disposed to be spaced apart from each other by a
predetermined distance, and the main molding member 160
and the second sub-molding member 1656 may also be
disposed to be spaced apart from each other by a predeter-
mined distance.

Referring again to FIGS. 1 and 2, the stress buffer layer
190 may be disposed between the main substrate 105 and the
first and second sub-substrates 110a and 1105. The stress
buffer layer 190 may fill the gaps 170 between the main
substrate 105 and the sub-substrates 110a and 1105. The
stress buffer layers 190 may extend to further fill the gaps
between the main molding member 160 and the first and
second sub-molding members 165¢ and 1655. The stress
buffer layer 190 may include a flexible material, for
example, an insulation material having a tensile modulus of
elasticity (Young’s modulus) which is lower than a tensile
modulus of elasticity of the main molding member 160 and
the sub-molding members 1654 and 1655. For example, the
main molding member 160 and the sub-molding members
165a and 1655 may include epoxy molding compound
(EMC), and the EMC has a Young’s modulus of about 20
GPa to about 30 GPa. In contrast, the stress buffer layer 190
may include a material having a Young’s modulus of about
0.01 GPa to about 0.1 GPa which is relatively lower than
that of the EMC. In an embodiment, the stress buffer layer
190 may include silicone resin, silicone rubber, or polymer.

If the first interconnection members 155a are employed as
the interconnection members 155, a portion of each of the
first interconnection members 155a may be covered with the
main molding member 160 and another portion of each of
the first interconnection members 1554 may be covered with
the first sub-molding member 165a or the second sub-
molding member 1655.
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The remaining portion, which is not covered with the
main molding member 160 and the first and second sub-
molding members 165a and 1656 may be covered with the
stress buffer layer 190.

The stress buffer layer 190 may alleviate a tensile stress
or a compressive stress locally concentrated on the sub-
strates 105, 110q and 1105 when an external force is applied
to the semiconductor package 100 and the semiconductor
package 100 is bent or warped. As illustrated in FIG. 6, if an
external force F1 is applied to the semiconductor package
100, the semiconductor package 100 may warp. For
example, a top surface 190a of the stress buffer layer 190
may expand in both side directions as indicated by first
arrows al, and a lower surface 1905 of the stress buffer layer
190 may be compressed as indicated by second arrows a2.
The warpage phenomenon of the semiconductor package
100 may occur due to movement of the first sub-substrate
1104 and the second sub-substrate 1105 with deformation of
the stress buffer layer 190. In such an example, the tensile
stress and the compressive stress substantially applied to the
main substrate 105 and the first and second sub-substrates
1104 and 1105 may be dispersed or relieved by stress buffer
layer 190. Accordingly, the semiconductor package 100 may
be bent without any damage of the main substrate 105 and
the semiconductor chip 130 disposed on the main substrate.

Furthermore, as described above, each of the first and
second interconnection members 155¢ and 1556 may
include a plurality wires, that is, a plurality of strands that
are twisted together. Thus, each of the first and second
interconnection members 1554 may have a relatively higher
tensile strength than an interconnection member made of a
single strand. Accordingly, as illustrated in FIG. 6, even if
the gaps 170 between the main substrate 105 and the
sub-substrates 110a and 1105 become widen or deformed,
the first or second interconnection members 155a or 1555
may not be detached from the connection pads 140a and
1405 or the substrate pads 114a and 1145 or may not be
broken. Accordingly, it may be possible to realize a flexible
package capable of stably maintaining the electrical con-
nection with the interconnection members even if the flex-
ible package warps.

Although FIG. 2 illustrates an example in which the first
and second sub-substrates 110a and 1105 are disposed to be
adjacent to both opposite sides of the main substrate 105, the
present disclosure is not limited thereto. For example, as
illustrated in FIG. 5, a first sub-substrate 110a, a second
sub-substrate 1105, a third sub-substrate 110¢ and a fourth
sub-substrate 1104 may be disposed to be spaced apart from
four sides of the main substrate 105. The first sub-substrate
110a and the second sub-substrate 1105 illustrated in FIG. 5
may have substantially the same configurations as the first
sub-substrate 110a and the second sub-substrate 1105 illus-
trated in FIG. 2, respectively. Thus, descriptions of the first
sub-substrate 110a and the second sub-substrate 1105 will be
omitted hereinafter. Referring to FIG. 5, the third sub-
substrate 110¢ and the fourth sub-substrate 1104 may be
disposed to be spaced apart from the remaining two sides of
the main substrate 105 by a predetermined distance. Accord-
ingly, the third sub-substrate 110¢ and the fourth sub-
substrate 1104 may be separated from the main substrate 105
by a predetermined gap.

Third substrate pads 114¢ and fourth substrate pads 1144
may be disposed on a front-side portion of the third sub-
substrate 110c¢ and a front-side portion of the fourth sub-
substrate 1104, respectively. Although not illustrated in the
drawing, third ball lands and fourth ball lands may be
disposed on a back-side portion of the third sub-substrate
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110c¢ and a back-side portion of the fourth sub-substrate
1104, respectively. If the third sub-substrate 110¢ and the
fourth sub-substrate 1104 are additionally disposed adjacent
to the main substrate 105, the plurality of connection pads
140a may be disposed on four edges of the semiconductor
chip 130 stacked on the main substrate 105. The connection
pads 140a of the semiconductor chip 130 may be connected
to the first to fourth substrate pads 114a, 1145, 114¢ and
1144 through the first interconnection members 1554 or the
second interconnection members 1556 described above.

FIG. 7 is a cross-sectional view illustrating a representa-
tion of an example of a semiconductor package 200 accord-
ing to an embodiment. FIG. 8 is a cross-sectional view
illustrating a representation of an example of a stress relief
action of the semiconductor package according to an
embodiment.

Referring to FIG. 7, the semiconductor package 200 may
include a main substrate 205, sub-substrates 210, and a
semiconductor chip 230. The semiconductor package 200
may include interconnection members 2554, a main molding
member 260, sub-molding members 265a and 2655, and a
stress buffer layer 290.

The main substrate 205 may include a main body 202 and
main insulation patterns 203. The main body 202 may
include a front-side portion 202a on which the semiconduc-
tor chip 230 is disposed and a back-side portion 2026
opposite to the front-side portion 202a. The main insulation
patterns 203 may be disposed on the front-side portion 202a
and the back-side portion 20256 of the main body 202,
respectively. Each of the main insulation patterns 203 may
include a solder resist material. The main substrate 205 may
include a printed circuit board (PCB), an organic substrate or
an insulation substrate.

The sub-substrates 210 may include a plurality of sub-
substrates, for example, a first sub-substrate 210¢ and a
second sub-substrate 2105. The plurality of sub-substrates
210, that is, the first and second sub-substrates 210a and
2105 may be disposed around the main substrate 205. The
sub-substrates 210a and 2105 may be disposed to be spaced
apart from the main substrate 205 by a predetermined
distance. That is, the sub-substrates 210a and 2105 may be
spaced apart from the main substrate 205 by a predetermined
gap 270. In an embodiment, the first sub-substrate 210a and
the second sub-substrate 2105 may be disposed to be adja-
cent to both sides of the main substrate 205, respectively. In
an embodiment, the sub-substrates 210 may include four
sub-substrates that are disposed to be spaced apart from four
sides of the main substrate 205, as illustrated in FIG. 5.

The present embodiments will be described in conjunc-
tion with an example in which the first and second sub-
substrates 210a and 2105 are disposed to be spaced apart
from both sides of the main substrate 205. For example, the
first sub-substrate 210a disposed at one side of the main
substrate 205 may include a first sub-body 2064 and first
sub-insulation patterns 208a. First substrate pads 214a may
be disposed on a front-side portion 206a-1 of the first
sub-body 206a, and first ball lands 216a may be disposed on
a back-side portion 206a-2 of the first sub-body 206a. First
connection terminals 220a may be attached to the first ball
lands 2164, respectively. The first substrate pads 214a may
be arranged to be spaced apart from each other on the first
sub-substrate 210a. First wiring patterns 212a may be dis-
posed inside the first sub-body 206a to electrically connect
the first substrate pads 214aq to the first ball lands 216a. One
of the first sub-insulating patterns 2084 may selectively
expose the first substrate pads 214a on the front-side portion
206a-1 of the first sub-body 206a. The other of the first
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sub-insulating patterns 2084 may selectively expose the first
ball lands 216a on the back-side portion 206a-2. Each of the
first sub-insulation patterns 208a may include a solder resist
material.

The second sub-substrate 2105 disposed at a side of the
main substrate 205 opposite to the first sub-substrate 210a
may include a second sub-body 2065 and second sub-
insulation patterns 2085. Second substrate pads 2145 may be
disposed on a front-side portion 2065-1 of the second
sub-body 2065, and second ball lands 2165 may be disposed
on a back-side portion 2065-2 of the second sub-body 2065
opposite to the front-side portion 2065-1. Second connection
terminals 2205 may be attached to the second ball lands
2165, respectively. The second substrate pads 2145 may be
arranged to be spaced apart from each other on the second
sub-substrate 2105. Second wiring patterns 2125 may be
disposed inside the second sub-body 2064 to electrically
connect the second substrate pads 2145 to the second ball
lands 2165. The second wiring patterns 2126 may be dis-
posed to have a multi-layered structure. Each of the first and
second sub-substrates 210a and 2105 may include the same
material as the main substrate 205.

The second sub-insulation pattern 2085 disposed on the
front-side portion 2065-1 of the second sub-body 2065 may
selectively expose the second substrate pads 214b. The
second sub-insulation pattern 2085 disposed on the back-
side portion 2065-2 of the second sub-body 2065 may
selectively expose the second ball lands 2165. The second
sub-insulation pattern 2086 may include a solder resist
material.

The semiconductor chip 230 may be disposed on the
front-side portion 202a of the main substrate 205. The
semiconductor chip 230 may be bonded to the main sub-
strate 205 using an adhesive member 225. The semiconduc-
tor chip 230 may include a plurality of connection pads 240a
and 2404 disposed on a top surface thereof. Although FIG.
7 illustrates an example in which the connection pads 240a
and 2406 are disposed on both edges of the semiconductor
chip 230, the present disclosure is not limited thereto. For
example, although not illustrated in the drawing, the con-
nection pads 240a and 2405 may be disposed on a central
portion of the semiconductor chip 230. Each of the connec-
tion pads 240a and 2406 may include aluminum (Al) or
copper (Cw).

The semiconductor chip 230 may be electrically con-
nected to the first and second sub-substrates 210a and 2105
through the interconnection members 2554. Each intercon-
nection member 255¢ may have substantially the same
configuration as any one of the first and second intercon-
nection members 1554 and 1555 illustrated in FIG. 3 and
FIG. 4. A core wire portion 2454 and a twisted wire portion
250a of each of the interconnection members 2554 may be
connected to each other through contact points 256 at both
ends thereof. Accordingly, the core wire portion 2454 and
the twisted wire portion 250a of each interconnection mem-
ber 2554 may transmit an electrical signal from the semi-
conductor chip 230 to any one of the first and second
sub-substrates 210a and 21056. Each of the interconnection
members 255q may include gold (Au), silver (Ag) or copper
(Cu).

The main molding member 260 may be disposed on the
front-side portion 2024 of the main substrate 205 to cover
the semiconductor chip 230. The first sub-molding member
265a may be disposed on the front-side portion 206a-1 of
the first sub-body 206a. The second sub-molding member
265b may be disposed on the front-side portion 2065-1 of
the second sub-body 2065. Each of the main molding
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member 260, the first sub-molding member 265a and the
second sub-molding member 2656 may include epoxy
molding compound (EMC), hardener, organic filler or inor-
ganic filler. The main molding member 260, the first sub-
molding member 265q and the second sub-molding member
265b may physically and chemically protect the semicon-
ductor chip 230, the main substrate 205, the first sub-
substrate 210a and the second sub-substrate 2105 from the
external environment.

Sidewalls of the main molding member 260 may be
vertically aligned with sidewalls 205¢ of the main substrate
205. Sidewalls of the first sub-molding member 265a may
be vertically aligned with sidewalls 206c-1 of the first
sub-substrate 210q. Sidewalls of the second sub-molding
member 2656 may be vertically aligned with sidewalls
206c-2 of the second sub-substrate 2105. The first sub-
molding member 265q and the second sub-molding member
265b may be disposed to be spaced apart from the main
molding member 260 by a predetermined distance.

The stress buffer layer 290 may be disposed between the
main molding member 260 and the first sub-molding mem-
ber 265a as well as between the main molding member 260
and the second sub-molding member 2655. The stress buffer
layer 290 may be disposed to be spaced apart from top
surfaces of the main substrate 205 and the sub-substrates
210a and 2105 by a predetermined height H1. In an embodi-
ment, the stress buffer layer 290 may expose the side walls
205¢, 206¢-1 and 206¢-2 of the main substrate 205 and the
sub-substrates 210a and 2105 and may surround a portion of
each of the interconnection members 255a. The stress buffer
layer 290 may also expose a portion of each of both
sidewalls of the main molding member 260, a portion of one
of sidewalls of the first sub-molding member 265a, and a
portion of one of sidewalls of the second sub-molding
member 2655. Accordingly, as illustrated in FIG. 7, the
predetermined empty gaps 270 may be provided between the
main substrate 205 and the first sub-substrate 210a as well
as between the main substrate 205 and the second sub-
substrate 2105. In an embodiment, although not illustrated in
the drawing, the stress buffer layer 290 may cover only
exposed surfaces of the interconnection members 255q in a
tube form. The stress buffer layer 290 may include a flexible
material, for example, an insulation material having a tensile
modulus of elasticity (Young’s modulus) which is lower
than that of epoxy molding compound (EMC). The stress
buffer layer 290 of the embodiment may include a material
having a tensile modulus of elasticity of about 0.01 GPa to
about 0.1 GPa. In an embodiment, the stress buffer layer 290
may include silicone resin, silicone rubber, or polymer.

The stress buffer layer 290 may alleviate a tensile stress
or a compressive stress locally concentrated on the sub-
strates 205, 210a and 2105 when an external force is applied
to the semiconductor package 200 and the semiconductor
package 200 is bent or warped. As illustrated in FIG. 8, if an
external force F2 is applied to the semiconductor package
200, the semiconductor package 200 may warp. For
example, while a top surface 290a of the stress buffer layer
290 may be compressed as indicated by first arrows bl,
lower portions of the first and second sub-substrates 210a
and 2105 may move to expand the empty gaps 270 in both
side directions as indicated by second arrows b2. As a result,
the semiconductor package 200 may warp to have a smile
shape. The empty gaps 270 may provide spaces which are
capable of absorbing a tensile stress or a compressive stress
applied to the lower portions of the substrates 205, 210a and
2105.
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The warpage phenomenon of the semiconductor package
200 may occur due to expansion or shrinkage of the gaps
270 between the substrates 205, 210a and 2105. That is, the
tensile stress and the compressive stress substantially
applied to the main substrate 205 and the first and second
sub-substrates 210a and 2105 may be dispersed or relieved
by the gaps 270. Accordingly, the semiconductor package
200 may be bent without any damage of the main substrate
205 and the semiconductor chip 230 disposed on the main
substrate 205. Furthermore, as described above, each of the
interconnection members 255¢ may include a plurality
wires, that is, a plurality of strands that are twisted together.
Thus, each of the interconnection members 255a may have
a relatively higher tensile strength than an interconnection
member made of a single strand. Accordingly, as illustrated
in FIG. 8, even if the empty gaps 270 between the main
substrate 205 and the sub-substrates 210a and 2105 become
deformed, the interconnection members 2554 may not be
detached from the connection pads 240a and 24056 or the
substrate pads 214a and 2145 or may not be broken. As a
result, it may be possible to realize a flexible package
capable of stably maintaining the electrical connection with
the interconnection members even if the flexible package
warps.

The semiconductor package described above may be
applied to various electronic systems. FIG. 9 is a block
diagram illustrating a representation of an example of an
electronic system including a memory card 7800 including
at least one semiconductor package according to an embodi-
ment.

Referring to FIG. 9, the memory card 7800 includes a
memory 7810, such as a nonvolatile memory device, and a
memory controller 7820. The memory 7810 and the memory
controller 7820 may store data or read stored data. The
memory 7810 and/or the memory controller 7820 include
one or more semiconductor chips disposed in an embedded
package according to an embodiment. The memory 7810
may include a nonvolatile memory device to which the
technology of the embodiments of the present application is
applied. The memory controller 7820 may control the
memory 7810 such that stored data is read out or data is
stored in response to a read/write request from a host 7830.

FIG. 10 is a block diagram illustrating a representation of
an example of an electronic system 8710 including at least
one package according to an embodiment. The electronic
system 8710 may include a controller 8711, an input/output
unit 8712, and a memory 8713. The controller 8711, the
input/output unit 8712 and the memory 8713 may be
coupled with one another through a bus 8715 providing a
path through which data may move.

In an embodiment, the controller 8711 may include one or
more microprocessor, digital signal processor, microcon-
troller, and/or logic device capable of performing the same
functions as these components. The controller 8711 or the
memory 8713 may include one or more of the semiconduc-
tor packages according to embodiments of the present
disclosure. The input/output device 8712 may include at
least one selected among a keypad, a keyboard, a display
device, a touchscreen and so forth. The memory 8713 is a
device for storing data. The memory 8713 may store data
and/or commands to be executed by the controller 8711, and
the like.

The memory 8713 may include a volatile memory device
such as a DRAM and/or a nonvolatile memory device such
as a flash memory. For example, a flash memory may be
mounted to an information processing system such as a
mobile terminal or a desktop computer. The flash memory
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may constitute a solid state disk (SSD). In this example, the
electronic system 8710 may stably store a large amount of
data in a flash memory system.

The electronic system 8710 may further include an inter-
face 8714 configured to transmit and receive data to and
from a communication network. The interface 8714 may be
a wired or wireless type. For example, the interface 8714
may include an antenna or a wired or wireless transceiver.

The electronic system 8710 may be realized as a mobile
system, a personal computer, an industrial computer or a
logic system performing various functions. For example, the
mobile system may be any one of a personal digital assistant
(PDA), a portable computer, a tablet computer, a mobile
phone, a smart phone, a wireless phone, a laptop computer,
a memory card, a digital music system and an information
transmission/reception system.

If the electronic system 8710 is an equipment capable of
performing wireless communication, the electronic system
8710 may be used in a communication system such as of
CDMA (code division multiple access), GSM (global sys-
tem for mobile communications), NADC (north American
digital cellular), E-TDMA (enhanced-time division multiple
access), WCDAM (wideband code division multiple
access), CDMA2000, LTE (long term evolution) and Wibro
(wireless broadband Internet).

Embodiments of the present disclosure have been dis-
closed for illustrative purposes. Those skilled in the art will
appreciate that various modifications, additions and substi-
tutions are possible, without departing from the scope and
spirit of the present disclosure and the accompanying
claims.

What is claimed is:

1. A semiconductor package comprising:

a main substrate;

a sub-substrate spaced apart from the main substrate by a

gap;

a semiconductor chip disposed on the main substrate;

an interconnection member including twisted wires of a

plurality of strands and connecting the semiconductor
chip to the sub-substrate;

a main molding member covering the semiconductor chip

and the main substrate;

a sub-molding member covering the sub-substrate; and

a stress buffer layer disposed between the main molding

member and the sub-molding member, filling the gap
between the main substrate and the sub-substrate, and
surrounding a portion of the interconnection member,
wherein a top surface of the stress buffer layer, a top
surface of the main molding member and a top surface
of the sub-molding member being coplanar.

2. The semiconductor package of claim 1, wherein the
main substrate includes one selected from the group con-
sisting of a printed circuit board (PCB), an organic substrate
and an insulation substrate.

3. The semiconductor package of claim 1, wherein the
sub-substrate includes one selected from the group consist-
ing of a printed circuit board (PCB), an organic substrate and
an insulation substrate.

4. The semiconductor package of claim 1, wherein the
sub-substrate includes:

a sub-body having a front-side portion and a back-side

portion that are opposite to each other;

a substrate pad disposed on the front-side portion of the

sub-body;

a ball land disposed on the back-side portion of the

sub-body;

a connection terminal attached to the ball land; and
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a wiring pattern penetrating the sub-body to electrically
connect the substrate pad to the ball land.

5. The semiconductor package of claim 1,

wherein the sub-substrate includes a first sub-substrate
and a second sub-substrate; and

wherein the first sub-substrate and the second sub-sub-
strate are disposed to be spaced apart from both sides
of the main substrate, respectively.

6. The semiconductor package of claim 1,

wherein the sub-substrate includes first to fourth sub-
substrates; and

wherein the first to fourth sub-substrates are disposed to
be spaced apart from four sides of the main substrate,
respectively.

7. The semiconductor package of claim 1, wherein the

interconnection member includes:

a core wire portion configured to extend from a connec-
tion pad of the semiconductor chip to a substrate pad of
the sub-substrate, and

a twisted wire portion configured to extend along a length
direction of the core wire portion,

wherein the twisted wire portion is twisted and wound
around the core wire portion.

8. The semiconductor package of claim 7, wherein the
twisted wire portion is wound around the core wire portion
to have a spiral shape.

9. The semiconductor package of claim 7,

wherein one end of the core wire portion and one end of
the twisted wire portion are connected to each other at
one contact point of the connection pad of the semi-
conductor chip;

wherein the other end of the core wire portion and the
other end of the twisted wire portion are connected to
each other at one contact point of the substrate pad of
the sub-substrate; and

wherein the core wire portion and the twisted wire portion
transmit an electrical signal from the connection pad of
the semiconductor chip to the substrate pad of the
sub-substrate.

10. The semiconductor package of claim 1,

wherein the interconnection member includes a first wire
portion and a second wire portion that extend from a
connection pad of the semiconductor chip to a substrate
pad of the sub-substrate; and

wherein the first wire portion and the second wire portion
are twisted each other to have spiral shapes.

11. The semiconductor package of claim 10, wherein the
connection pad is disposed on an edge of the semiconductor
chip.

12. The semiconductor package of claim 10, wherein the
connection pad is disposed on a central portion of the
semiconductor chip.

13. The semiconductor package of claim 1, wherein the
interconnection member includes one selected from the
group consisting of gold (Au), silver (Ag) and copper (Cu).

14. The semiconductor package of claim 1, wherein at
least one of the main molding member and the sub molding
member includes one selected from the group consisting of
epoxy molding compound (EMC), hardener, organic filler,
and inorganic filler.

15. The semiconductor package of claim 1, wherein the
stress buffer layer includes an insulation material having a
tensile modulus of elasticity (Young’s modulus) which is
lower than a tensile modulus of elasticity of the main
molding member and the sub-molding member.
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16. The semiconductor package of claim 15, wherein the
stress buffer layer includes an insulation material having a
tensile modulus of elasticity (Young’s modulus) of about
0.01 GPa to about 0.1 GPa.

17. The semiconductor package of claim 16, wherein the
insulation material includes one of silicone resin, silicone
rubber and polymer.

18. The semiconductor package of claim 15, wherein the
main molding member and the sub-molding member have a
tensile modulus of elasticity (Young’s modulus) of about 20
GPa to about 30 GPa.

19. A semiconductor package comprising:

a main substrate;

a sub-substrate spaced apart from the main substrate by a

gap;

a semiconductor chip disposed on the main substrate;

an interconnection member connecting the semiconductor

chip to the sub-substrate and including twisted wires of
a plurality of strands;

a main molding member covering the main substrate and

the semiconductor chip;

a sub-molding member covering the sub-substrate; and

a stress buffer layer disposed between the main molding

member and the sub-molding member, exposing a
sidewall of the main substrate, a sidewall of the sub-
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substrate, a portion of sidewall of the main molding
member and a portion of sidewall of the sub-molding
member,

wherein the stress buffer layer covers a remaining portion
of the interconnection member not covered by the main
molding member and the sub-molding member.

20. A semiconductor package comprising:

a main substrate;

a sub-substrate spaced apart from the main substrate by a
gap;

a semiconductor chip disposed on the main substrate;

an interconnection member configured to connect the
semiconductor chip to the sub-substrate;

a main molding member covering the semiconductor
chip, the main substrate, and a portion of the intercon-
nection member;

a sub-molding member covering the sub-substrate and
another portion of the interconnection member; and

a stress buffer layer covering a remaining portion of the
interconnection member not covered by the main molding
member and the sub-molding member, wherein a top surface
of the stress buffer layer, a top surface of the main molding
member and a top surface of the sub-molding member being
coplanar.



